Aquaponics is a science that integrates animal aquatic production with vegetable culture in recirculating water systems. The performance of an aquaponics system using constructed semi-dry wetland with lettuce (Lactuca sativa L.) planted on treating wastewater of culture of shrimp Macrobrachium amazonicum was evaluated. Each aquaponics module consisted in four culture tanks (1 m 3 tank . Our results showed the average final mass of shrimps had a slight reduction at the density 80 and 120 shrimps. However, it did not differ significantly between the treatments. The ultimate survival and productivity were higher in density 80 and 120 shrimps. The maximum biomass productivity occurred at the treatment with density 120 shrimps. The aquaponics recirculation system using constructed semi-dry wetlands with lettuce adequately treated the water at the densities tested. Various water quality parameters were deemed suitable for shrimp culture, but for lettuce not, especially the temperature. The shrimp density was inappropriate which limited the system to accumulate and increase the concentration of nutrients to vegetables with lessening the yield. Nonetheless, the system with higher density has higher nutrient content that plants demonstrated significantly better growth and yield. The results showed the potential use of organics waste generated in a family lettuce hydroponic production, but for a commercial production is indicated supplementation with nutrients like calcium, magnesium, and potassium in the water.
Introduction
In September 2015, the UN Member States including Brazil adopted the 2030 Agenda for Sustainable Development, which included sets aims for the contribution and conduct of fisheries and aquaculture towards food security and nutrition in the use of natural resources to ensure sustainable development in economic, social, and environmental terms (UNUnited Nations 2015).
Fisheries and aquaculture remain important sources of food, nutrition, income, and livelihoods for hundreds of millions of people around the world. World per capita fish supply reached estimates for 2014 and 2015 pointing towards further growth beyond 20 kg, thanks to vigorous growth in aquaculture, which now provides half of all fish for human consumption, amounted to 73.8 million tons, with farmed crustaceans contributing 6.9 million tons (US$36.2 billion) (FAO-Food and Agriculture Organization of the United Nations 2016). However, the conventional fish farming methods are rarely sustainable and they produce large amounts of nutrient-rich wastewater, partially loaded with chemicals used for fish treatment, which has a harmful effect on the receiving aquatic environment (Konnerup et al. 2011) . Original approaches and technologies are needed in aquaculture aiming to achieve the sustainable development with higher productivity and lowest environmental impact as observed in 2030 Agenda (FAO 2016) . In this context, aquaponics, which combines the integration of aquaculture recirculation systems (intensive cultivation of aquatic organisms) with hydroponics (land plants growing in aqueous solution), is emerging as an alternative for food production in level commercial or applied in small property scale to meet the requirements family farming as observed in many Brazilian city. In this system, the residual nutrients from aquaculture are mineralized by microorganisms and transformed into absorbable products by plants, supporting the development of plants and the maintenance of water quality (Castellani et al. 2009; Sace and Fitzsimmons 2013; Pinho et al. 2017) . The Benvironmentally friendly^approach of this production system is due to the low use of water, minimal effluent discharge, nearly full utilization of aquafeeds, and the high productivity of aquatic organisms and plants compared with conventional productions (Dediu et al. 2012; Mariscal-Lagarda et al. 2012) . Additionally, the possibility to produce in arid regions, nearby metropolitan centers and offer food pesticides and antibiotics-free, makes aquaponics a system that provides sustainable and high valueadded products (Diver 2006) .
The aquaponic systems can be designed for small private installations or large commercial enterprises. Although contemporary aquaponics started with the first scientific papers being published around 1980, it really took off only after 2010 and today many aquaponic systems may be found all over the world. However, the social, financial, environmental, operational, and ecological basics are in many aspects unknown or fuzzy, and the technology still needs further research and development in order to progress (Junge et al. 2017) .
The Brazilian academic literature is still poor and incipient in the aquaponics studies, and only in the last 10 years, researchers from some Brazilian Universities and from the Brazilian Agricultural Research Corporation (Embrapa) have undertaken research into this issue (Castellani et al. 2009; Hundley and Navarro 2013; Emerenciano et al. 2015; Carneiro et al. 2015; Geisenhoff et al. 2016) . Among the aquaponics experiences using shrimps and vegetables, we cite the work of Castellani et al. (2009) and Pinheiro et al. (2017) who used the residual water of the Amazon river shrimp nursery (Macrobrachium amazonicum) and Litopenaeus vannamei, in the production watercress and lettuce, and Sarcophagus ambiguous, in nutrient film technique (NFT) hydroponic system, respectively. Generally, aquaponics is classified into three types, i.e., media-based bed, floating raft, and nutrient film technique. The NFT is less efficient at both removing nutrients from fish culture water and producing plant biomass or yield than gravel bed or floating hydroponic sub-systems (Lennard and Leonard 2006) . Among them, media-based aquaponics is believed to be more efficient on nitrogen utilization since it could provide more surface area for microbes than the other two types, so it has been considered to be the most common and popular method for raising vegetal crops (Love et al. 2014 ).
An aquaponics system with high-yield, soil-less production requires high input of technology (pumps, aerators, loggers) and knowledge and is therefore mostly suited for commercial operations. However, it is entirely possible to design and operate low-tech aquaponics systems that require less skill to operate and still yield respectable results, especially in media-based aquaponics. This aquaponics system in fact is a constructed wetland that has a drenched and dry cycle (Love et al. 2014; Somerville et al. 2014; Trang and Brix 2014) . Based on the principles commonly adopted in constructed wetlands, this technique enhances the purification capacity of the system. Actually, most of the designs of Bhydroponicĉ omponent of Baquaponic^are similar to artificial treatment wetlands, serving as RAS for the purification of wastewater, which is connected to a tank for fish culture (Chen and Wong 2016) . Integrated wetland techniques (such as hydroponic, constructed treatment wetland or floating island) with food production processes, coupled with polyculture of different fish species or other organisms including shrimps, are able to promote ecosystem health and achieve sustainability, mainly via its wastewater purification and nutrient recycling capability (Chen and Wong 2016) . Thus, the question that arises is whether the variations in the biological filtration system using constructed wetland and different stocking density would influence the Amazon River shrimp and lettuce performance in an aquaponics.
The Amazon River shrimp M. amazonicum (Heller 1862) is an endemic species from South America, distributed in the rivers, floodplains, reservoirs, and lakes in tropical and subtropical regions of this continent (Maciel and Valenti 2009, Moraes-Valenti and . This shrimp has great socioeconomic and environmental importance in the north and northeast regions of Brazil (Maciel and Valenti 2009) and good reception in the international markets (Damasceno et al. 2009 ). In the Amazon region, it is a most widely explored by artisanal fishing (Maciel and Valenti 2009) . In aquaculture, this shrimp has demonstrated fast growth, rusticity, and satisfactory productivity, being indicated as an alternative that can avoids environmental impacts in Amazon region due to accidental escapes and the establishment of non-native shrimp in the natural environment as M. rosenbergii (Moraes-Valenti and Valenti 2010). It may adapt well for intensive or extensive farming and presents less aggressive behavior and ability to grow in reservoirs, ponds, and fishponds (Maciel and Valenti 2009) . Our aim in this paper was to investigate the performance an aquaponics system using constructed wetland (media-based bed) with lettuce in treating wastewater of culture of Amazon River shrimp in different densities.
Material and methods

Aquaponics units and recirculating system
The experiment was conducted from August to , which was actuated by a timer every 15 min, controlled the flux of water among the sump and constructed wetland and shrimp tanks. The water retained in the constructed wetland was carried back to the sump by a bell siphon. The water culture tank flowed by gravity to the sedimentation unit for suspended solids removal. The wastewater collected in the circular holding tank is pumped to shrimp tanks and to the constructed semi-dry wetland, and from there, with the aid of a bell siphon, the treated water flowed by gravity to the holding tank. No water discharge or displacement occurred during the trial period, except when replacing the water lost through evaporation, siphoning the floor of the culture tanks, and cleaning the floor of the decanter tanks. The shrimp tanks floors were siphoned every day, and the decanter tanks bottom was cleaned every 2 days. To offset losses from nitrification, the pH buffering was accomplished by regularly adding hydrated lime. The system oxygenation was performed using a radial compressor with air stones (3 air stones m −2 ) connected to the shrimp tank and at the entrance of constructed semi-dry wetland.
Shrimp culture and sampling
Post larvae (PL) shrimps with an initial average mass of 314 ± 4.75 mg were stocked at density treatments in quadruplicate: Shrimps were fed in the morning at 09:30 and late afternoon 16:30 h daily at a rate of the 5% of the estimated biomass in the tank and adjusted on the weighted average weight of 20 shrimp samples taken every 15 days and partial survival (Lin et al. 2005) . Pellets with 0.8 mm were used for the first 60 days, and pellets with 1.6 mm were used at to end the culture. Fortnightly, a sample of shrimp (about 5% of the number stocked) was collected and weighed in order to evaluate growth and to adjust the amount of feed supplied. After 110 days, food consumers (kg) was determined by the sum of the feed provided to the shrimp and shrimps were individually counted and weighed to determine survival (%), mean mass (g), total biomass (kg), and productivity (kg ha
).The feed conversion ratio (FCR) was calculated using the formula: FCR = total feed dry weight / (final shrimp biomass − initial shrimp biomass) (Konnerup et al. 2011 ).
Water sampling and analytical methods
Water samples were obtained twice by weeks from the each holding tanks and shrimp tanks. Field measurements were done, and samples were collected at about 10:30 h, which was approximately 1 h after feeding. The samples were examined for total ammonia (TAN, mg L ), turbidity (NTU), and total dissolved solids (TDS, ppm) were checked using multiparameter water quality checker (Horiba™ Model U-50) at approximately 10:30 every day during the culture period.
Growth of hydroponic lettuce
The cultivar used was Delice American lettuce (Isla). The seeds were germinated in a phenolic spume plate with 200 cells (2.0 × 2.0 × 2.0 cm). After germination, the seedlings were grown in a mini greenhouse, nourished with the nutrient solution from shrimp tank up to 15 days after sowing. At 15 days after sowing, the seedlings were transplanted to the constructed semi-dry wetland, 4 m long, spaced 0.25 m between profiles, and 0.25 m between plants as suggested by Genuncio et al. (2012) . The growth of hydroponic plants was evaluated using leaf number, stalk, and root length. The yield (g m −2 ) was assessed using the fresh leaf mass
). The data from the first vegetables harvest were gathered 36 days after transplanting the plants (August 17-September 22, 2015). The second crop was harvested 36 days after transplanting (October 05, 2015 -November 09, 2015 . Considering 10 days for preparing the system, culture period had lasted 110 days since Macrobrachium amazonicum was stocked in the shrimp tank.
Statistical analyses
The food consumers, survival (%), mean mass (g), total biomass (kg), productivity (kg ha −1 ), and feed conversion ratio were initially assuming a normal distribution and homoscedasticity using the Shapiro-Wilk and Bartlett tests, respectively. When these two requirements were met, ANOVA was applied followed by Tukey's test (P < 0.05), while they have not been fulfilled, mathematical transformations (ln) were performed. Water quality and growth of hydroponic lettuce data were submitted to the same statistical procedures previously reported. The statistical analysis of the data was performed with the aid of the BioEstat 5.0® software (AYRES et al. 2007 ).
Results
Performance shrimp
The consumed food differed significantly between the treatments (P < 0.05). The mean of total shrimp diets were 6.50 kg, 15.90 kg, and 28.62 kg, respectively in T1, T2, and T3. Total commercial shrimp harvest differed significantly between the treatments (P < 0.05), being 2.8 kg, 10.4 kg, and 14.5 kg. FCR differed significantly between the treatments (P < 0.05), being 2.37 ± 0.49, 1.55 ± 0.4, and 2.04 ± 0.05, respectively. The average weight did not differ significantly (P < 0.05) among the treatments, with T1 = 1.77 ± 0.46 g, T2 = 1.72 ± 0.22 g, and T3 = 1.65 ± 0.60 g, respectively (Table 1) .
At the end of the experimental period, shrimp cultured at 40 stocking density not exhibited an excellent mean survival rate than those at 80 and 120 shrimps. In this trial, the final survival was significantly differ (P < 0.05) among treatments, with average survival in the culture tanks: T1 = 40.0 ± 7.36%, T2 = 76.3 ± 19.93%, and T3 = 71.04 ± 5.57%, respectively. The final productivity by area was significantly differ (P < 0.05) among treatments with T1 = 283.5 ± 47.26 kg ha −1 , T2 = 1049.6 ± 134.58 kg ha
, and T3 = 1405.4 ± 85.34 kg ha −1 , respectively. The highest shrimp productivity in biomass was observed at the treatment with density 120 shrimps, due to the highest survival, although individual final mass has been slightly low (Table 1 ).
Water quality of the aquaponics system Table 2 shows average values and standard deviation to water quality parameters evaluated in the present study. Temperature, nitrite, hardness, potassium, calcium, and magnesium values varied within a narrow range and did not differ statistically among the treatments. PH differ statistically among the treatments, it had little oscillation being slightly alkaline in T1 and T2 and almost neutral in T3. Electrical conductivity was stable in all treatments, being statistically higher in T3. Dissolved oxygen did not differ statistically among treatments but was reduced with density increase possibly due to higher oxygen (Table 2) . Turbidity and total ammonia varied within a narrow range and did differ statistically among the treatments, being higher in treatments T2 and T3.
Total dissolved solids, nitrate, phosphate, and alkalinity average values were statistically higher in treatments T3 (Table 2) . Details on dynamics of temperature, pH, conductivity, dissolved oxygen, and turbidity parameters are presented in Fig. 2a -e. Temperature and dissolved oxygen varied within a narrow range throughout the experiment (Fig. 2a, d ), while pH values from the 60th day, this presented slight reduction in 120 shrimps treatment (Fig. 2b) . The conductivity and turbidity values significantly increased on the 10th day of cultivation in all treatment (Fig. 2c-e) .
The TDS values increased on the 10th day of cultivation in all treatment, but in the 60th day, TDS values in 120 shrimps treatment have shown strong increase (Fig. 3a) . The TAN produced by the shrimp tank in the beginning of the experiment was high, but it suffered heavy drop after maturation of the biological filtration system on the 10th day of cultivation in all treatment (Fig. 3b) . On the other hand, the nitrite and nitrate values in the beginning of the experiment were low and Table 1 Growth response (mean ± standard deviation) of shrimps reared for 90 days at different storage densities in a recirculation system using constructed semi-dry wetlands with lettuce Values reported are mean ± SD for four replicates and the same growth parameter of M. amazonicum. Different letters in superscript show significant differences Values reported are mean ± SD for four replicates and the same growth parameter average value with various letters in superscript show significant differences after maturation of the biological filtration system on the 10th day of cultivation, these parameters increased in all treatment ( Fig. 3b-d) . Alkalinity varied within a narrow range throughout the experiment in all treatment (Fig. 3e) . The parameters potassium, hardness, calcium, and magnesium did not differ statistically between the treatments (Table 2) . Same with increased as in the amount of feed supplied to shrimps, the potassium values decreased over the course of culture after an introduction of lettuces on the 10th day of cultivation (Fig. 4a) , indicating that potassium present in the fed supplied to shrimps was not satisfactory to maintain ideal values of this parameter to the lettuces. On the other hand, the phosphate values at the beginning of the experiment were low, and after maturation of system on the 32nd day of cultivation, this parameter increased in all treatment, especially in 120 shrimps' treatment (Fig. 4c) . Hardness and calcium fluctuated strongly throughout the trial but remained close to the beginning of the experiment (Fig. 4b-d) , while magnesium values presented a slight decrease especially in 40 shrimps treatment (Fig. 4e) . The parameters alkalinity, hardness, calcium, and magnesium oscillated during the cultivation in all treatments (Fig. 4b-e) . 
Growth of hydroponic crops
The results showed the potential for the nutrient shrimp water use on lettuce production. The statistical ANOVA analysis revealed that there was a significant difference on the number of leaves, stalk length, leaf mass, and yield lettuce (g m ) between densities studied. Lettuces farmed with pond water of 120 shrimps had significantly higher leaves number (P < 0.05) than those supplied with pond water of 40 shrimps and 80 shrimps treatments ( Table 2 ). The maximum leaf mass, length stalk, and lettuce yield (g m −2 ) (P < 0.05) were observed in the 120 shrimps treatment (Table 3) . Only the root length had no significant effects.
Discussion
Performance shrimp
The stocking density of shrimp is one of the vital zootechnical factors that directly influence on feeding, survival, growth, behavior, health, yield, and profit (Marques et al. . This fact was observed in the present study; our results showed that M. amazonicum individual mass had a slight reduction at the 120 shrimps treatment differing significantly (P < 0.05) of 40 shrimps treatment. In crowded conditions, conflicting results were observed in others species suggesting that in shrimps, the intraspecific competition has important paper and can influence the regulation of population, but it does not affect the weight and growth performance (El-Sherif and Mervat 2009; Paul et al. 2016; Negrini et al. 2017) . Shrimp survival in this trial was similar to reported by Preto et al. (2010 Preto et al. ( , 2011 , Marques et al. (2012) , and Dutra et al. (2016) , suggesting that the culture conditions were suitable for M. amazonicum development. The hypothesis of a greater survival in dealing with low density was not observed in this study, corroborating that M. amazonicum tolerates intensification and can be raised in both semi-intensive and intensive systems with high survival and productivity using densities beyond 40 m . This shrimp shows a dynamic and densitydependent population structure. Apparently, high density may change the morphotype population structure, affecting intraspecific competition for space and food . Our data suggests that high density promoted a breach of hierarchy and a gregarious behavior, with less aggressive in M. amazonicum. However, the competition for food may limit the shrimp growth. Although, the productivity in the present work was lower than that reported by Moraes-Valenti and Valenti (2007) . Our results also showed that higher densities are more productive and that the additional biomass comprised small shrimps. As suggested by Moraes-Valenti and Valenti (2007) , an economic analysis must be conducted to confirm if higher densities are advantageous from the economic point of view use of intensive systems. It should also be noted that the shrimp productivity might be improved by increasing stocking density and using substrates and aeration in static ponds (Karplus and Sagi 2010) . The substrates are natural screens (e.g., bamboo, branches) or artificial screens (e.g., screens, nets) installed inside the culture ponds to increase the production area; especially, benthic organisms reduce heterogeneous growth and agonistic behavior like well and improve animal welfare (Karplus and Sagi 2010) . The addition of substrates allows the growth of periphyton, which absorbs nitrogen and phosphorus, enhancing water quality, and provides food to the shrimps (Tidwell & Bratvold 2005; Henares et al. 2015) . In this study, no substrate was used in the shrimp culture tanks that have limited space. Probably, the limited space may have triggered competition for food that has interfered with shrimp growth. This fact may affect the food competition. Therefore, the addition of substrates probably will allow that shrimp productivity might improve in the Aquaponic system.
Water quality and growth of hydroponic crops
Several biotic and abiotic processes regulate pollutant removal in an aquaponics system using constructed wetlands (Shi et al. 2011) . Among the biological processes, we have microbial mineralization and transformation (e.g., nitrification-denitrification) and uptake by vegetable, whereas chemical precipitation, sedimentation, and substrate adsorption are included in abiotic processes (Lin et al. 2005) . In this trial, the aquaponics recirculation system using constructed semi-dry wetlands planted with lettuces was satisfactorily efficient like water treatment filters at the densities tested, reducing key pollutants from shrimp culture water, as we shall see below. Even so, the high survival rate and productivity obtained in this experiment suggest that water variables were acceptable for M. amazonicum development. However, nutrient mineralized and transformed was not sufficient for adequate lettuce production.
In this trial, temperature of the water was warm enough to stimulate good shrimp growth rates and at the same time enough to carry maximum oxygen content for all species in the system including the bacteria, as observed in others aquaponics (Rakocy et al. 2006; Sace and Fitzsimmons, 2013 and Zou et al. 2016) . The temperature and pH remained within the range recommended for M. amazonicum cultivation (Moraes-Riodades et al. 2006; Valenti 2007, 2010) , and similar to observed in his natural habit, which shows temperature between 27.5 and 31°C, dissolved oxygen between 4.6 and 6.1 mg L −1 , and pH value between 7.4 and 8.4 (Sampaio et al. 2007 ). However, the lettuces have optimal growth with temperatures near 24°C (Rakocy et al. 2006) , suggesting that the temperature observed in this trial did not remain within of recommended for lettuce cultivation, as the increase in the flow rate is a factor that might favor lower temperatures and higher DO concentrations in nutritive solution, due to less exposure of the nutritive solution during the time of increased incidence of solar radiation (Genuncio et al. 2012) . We suggest that water flow rate between shrimp tank and wetland being increased, reducing at the timer control the interval of every water pump activation. Another suggestion is the choice of lettuce cultivars adapted to higher temperatures as observed by Rodrigues et al. (2008) studying the performance of lettuce cultivars in the region of Manaus, in the North of Brazil. Moreover, temperature, DO, pH, Values reported are mean ± SD for three replicates and the same growth parameter average value with different letters in superscript show significant differences (P < 0.05) nitrogen compounds, and alkalinity mean values recorded in this study corroborated with usual values observed in aquaponics systems (Sikawa and Yakupitiyage 2010; Roosta 2014; Zou et al. 2016 ). Significant oxygen demand exists in the wetlands both associated with the incoming wastewater or like latent demand by entrapped wastes or ongoing waste conversion processes (Zachritz II et al. 2008) . Hence, oxygen is strongly indicated as the limiting factor for M. amazonicum; the limnologic variables remained within the appropriate range for the biology of species farmed in other aquaculture systems (Preto et al. 2008; Marques et al. 2012; Dutra et al. 2016) . Besides respiration, the organic waste decomposition in the pond bottom consumed oxygen in the water. Consequently, it is highly important to take into account the quantity and quality of feed given to shrimps. Aerators' presence in this study improved the performance of the overall wetland in treating wastewater from recirculating and proved ideal oxygenation suggested for shrimps by Sampaio et al. (2007) . In the constructed semidry wetland, the installation of air stones improves oxygenation and provides organic stabilization and nitrification . Similarly, an adequate oxygenation with 5 mg l −1 or higher for maximum health and animal growth, plants, and nitrifying bacteria is essential in an aquaponics system (Rakocy 2007) . It suggests that the DO concentrations observed in this trial proved good oxygenation for an aquaponics system. Controlling pH value in aquaponics systems is crucial to synergic between microbial and plant demands (Zou et al. 2016) . Microbial ammonia nitrification to nitrite and nitrite to nitrate are optimized at pH 8.5, but plant nutrient uptake for many crop species is optimized near pH 6.0; thus, pH in aquaponics systems must be managed near neutral value (7.0), which should is optimal for plant growth and nitrification efficiency (Zou et al., 2016) . In this trial, pH data suggests that it was within the appropriate range for the M. amazonicum biology, but not for common lettuce requirements, except in treatment with 120 shrimps, which pH value was adequated for microbial nitrification and plant demands.
The chemical composition of aquaponics nutrient solutions is complex, because of a large number of dissolved ions and organic substances resulting from the release of excretory compounds as a product of aquatic organisms metabolism and feed digestion. In this trial, the pH value can influence the interaction between the dissolved ions as observed in electrical conductivity and total dissolved solids. In relation to the nitrogen compounds (ammonia, nitrite, and nitrate) and alkalinity, the pH effects was not evident. But in phosphate, it possibly caused the increase of this parameter especially in the treatment with 120 shrimps, where the pH value was lower as observed by Cerozi and Fitzsimmons (2016) that recommended pH in aquaponics systems at a 5.5-7.2 range for optimal availability and uptake by plants. However, phospate and nitrogen compound (ammonia, nitrite, and nitrate) concentrations are related to the addition of feed in the Macrobrachium amazonicum culture tanks, which generate many organic wastes (non-consumed feed, feces, and others) in the sediment (Nogueira et al. 2014) .
The readings of TDS were within the appropriate range for the M. amazonicum biology, but not for average requirements of the lettuce. This vegetable has grown well with TDS of 560-840 ppm in an aquaponics system (Zachritz II et al. 2008; Sace and Fitzsimmons 2013) . Timmons et al. (2002) recommended total ammonia concentration below 3 mg L −1 and nitrite below 1 mg L −1 in recirculation system aquaculture. In this study, we observed increases in density contributed to increases in nitrogen compounds especialy nitrate (NO 3− N). However, the total ammonia data and nitrite observed in this trial below the suggested values for the M. amazonicum cultivation Valenti 2007, 2010; Nogueira et al. 2014 , Zou et al. 2016 . Between nitrogen compounds, NO 3 -N is the end product of nitrification and also the main nutrient for plant growth in aquaponics, and thus concentration observed in the water is the equilibrium result between nitrification and plant absorption (Zou et al. 2016) . In this trial, NO 3 -N contration was satisfactory to lettuce production only at threatment with 120 shrimps. Alkalinity is an important water quality criterion for fish and shrimp culture. When the water has low alkalinity (< 20 mg L −1 CaCO 3 ), it is less suitable for fish and shrimp culture due to the associated unstable water chemistry (Adhikari et al. 2007 ). Therefore, for successful shrimp culture development, hardness and alkalinity should be properly monitored, and maintained for a sustainable production (Adhikari et al. 2007 ). These authors have suggested that Macrobrachium rosenbergii has a better grown in hard water between 92 and 192 mg L −1 concentration of calcium hardness and 100 mg L −1 CaCO 3 of bicarbonate alkalinity (Adhikari et al. 2007) . As a result, the alkalinity observed in this trial cannot be suitable for M. amazonicum culture.
Hardness is a measure of water's calcium and magnesium. In general, freshwater shrimps in hard water (50 to 200 mg L −1 CaCO 3 ) tend to spend less energy on osmoregulation, resulting in an optimum growth of shrimps (Wetzel 2001) . Calcium is critical to freshwater shrimps in keeping exoskeletons secure, and when hardness is too low, this animal will take longer time after a molt for the exoskeleton to harden, allowing the animal to become vulnerable to the predators' attack and aggressions (Adhikari et al. 2007 ). Shrimps exposed to soft water are more susceptible to other water quality conditions also, and very hard water can be a problem (Adhikari et al. 2007) . In this trial, the hardness was extremely low in all treatments, and probably, it could have influenced the survival and growth of the shrimps, not being suitable for M. amazonicum culture. Moreover, calcium and magnesium are essential nutrients for lettuce and in hydroponics system; it is one of the first to decline (Seawright et al. 1998) . In aquaponic systems, the calcium is an essential nutrient because both animal (shrimps and fishes) and plants use this element in various metabolic activities, and calcium in very low or very high concentrations can negatively affect the metabolism of these organisms (Seawright et al. 1998) . Data reported by Seawright et al. (1998) suggests that an aquaponic system could need additional calcium in the system up to 200 mg L −1 ; otherwise, plants may present inadequate responses. Our results indicate that the calcium and magnesium values observed were not ideal for lettuce growth even after addition of hydrated lime. As reported by Sikawa and Yakupitiyage (2010) and Sace and Fitzsimmons (2013) , the major constraints to use of aquaculture farming water for lettuce production are found to be a low macronutrients concentration, low dissolved oxygen, and high suspended solids. The organic waste volume generated in this trial probably did not provide adequate nutrition for lettuce. It is noteworthy that the lettuce growth has an interrelationship with ionic concentration and the flow rate of the nutrient solution, which are relevant variables at the nutrient availability and water retention in a hydroponic system (Genuncio et al. 2012; Guimarães et al. 2016) .
The observed lettuce yield (leaves number and leaf mass) was relatively superior than the values reported by Sikawa and Yakupitiyage (2010) , but lower than the values reported by Seawright et al. (1998) and Rakocy et al. (2006) in an aquaponics system, in which effluent was enriched with a nutrient solution. Although no additional nutrient solution has been included in this trial, except hydrated lime, the lettuce biomass obtained was similar to the values reported by Castellani et al. (2009) who also investigated the integration of the freshwater shrimp culture with a hydroponic system and by Guimarães et al. (2016) who grew lettuce plants hydroponically using saline wastewater from fish farming. Our lettuce yield was relatively lower than the values reported by Genuncio et al. (2012) who grew lettuce plants hydroponically using nutrient solutions. It indicates the potential for the use of nutrient M. amazonicum tank water for supplying a family hydroponic production of lettuce. However, for a commercial lettuce production, additional nutrients are necessary.
Conclusion
In the study presented, we investigated the performance of an aquaponics system using constructed semi-dry wetland with lettuce planted on treating wastewater from shrimp Macrobrachium amazonicum culture. Our results suggests that the aquaponics recirculation system, using constructed semi-dry wetlands with lettuces, was satisfactorily efficient like water treatment filters at the densities tested, removing the main pollutants from shrimp culture water. M. amazonicum showed a strong tolerance to the highest densities. Although, the animal growth did not differ significantly between the treatments for mass, which was contrary to the hypothesis of a greater gain in mass in low density. The density of 120 shrimps had satisfactory shrimp productivity, but it was unsuitable to lettuce nutrition that has shown inferior yield to traditional hydroponics. A strong association between the nutrient concentration in the culture water and lettuce production was observed. The shrimp farming effluent may be managed in a family lettuce hydroponic production, but for a commercial production is indicated supplementation with nutrients like calcium, magnesium, and potassium in the system.
